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Analyt ic  Studies  i n  t h e  Learning and 
Memory of  Sk i l l ed  Performance 
This is t h e  second semiannual r e p o r t  ( f i r s t  year-end report) 
of progress  i n  t h e  research being conducted under NASA Grant NsG 
6 0 6 .  This research is being technica l ly  monitored by t h e  B i o -  
t e c h n i c a l  Division of the Ames Research Laboratory, Mr. Robert 
Randle of the Human Performance Section se rves  as Grant Monitor. 
Report of Work 
I n  t h e  first semiannual repor t  (dated November 6 ,  1964) t he  
development of the research apparatus and equipment w a s  descr ibed,  
and the research schedule for t h e  first major study w a s  ou t l ined .  
A t  t h a t  t i m e  the apparatus w a s  i n  the f i n a l  s t a g e s  of completion 
and w e  a n t i c i p a t e d  beginning d a t a  c o l l e c t i o n  by mid-November. 
D a t a  c o l l e c t i o n  w a s  a c t u a l l y  begun on November 30, 1964. 
Since t h a t  t i m e  over 120 experimental subjects have been t r a i n e d  
and r e t e n t i o n  d a t a  c o l l e c t e d  on 60 of  t h e  sub jec t s .  Retention d a t a  
wj-11 be c o l l e c t e d  on t h e  remaining 60 s u b j e c t s ,  beginning an May 10, 
1365. This  w i l l  complete approximately 550 hours of subject 
t e s t i n g  t i m e ,  I n  addi t ion  we have completed d a t a  a n a l y s i s  of 
i n t e g r a t e d  error (performance) scores for the t r a i n i n g  phase of t h e  
s tudy,  obtained osc i l l og raph ic  records f o r  a n a l y t i c  s co r ing  of  
350 ind iv idua l  t r i a l s ,  and arranged t o  have add i t iona l  ana lys i s  
Fsrformed by t h e  Flight test Data Analysis Sect ion  of McDonnell 
P i r c r a f t .  The first m a j o r  s tudy is descr ibed,  i n  de t a i l ,  below. 
- Stu+y I: Acquisi t ion and Retention o f  S k i l l e d  Performance as a 
>‘w--:tion of Target  P r e d i c t a b i l i t y  and Sequence Length. 
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I n  a communication e n t i t l e d :  Addendum to: Analyt ic  S tudies  
i n  the Learning and Pfemory of Ski l l ed  Performance (dated October, 
1 3 6 4 )  , we proposed t o  conduct s t u d i e s  i n  t h r e e  major problem areas 
during t h e  second yea r  of the Grant (beginning Apr i l  1, 1965) 
The second s tudy proposed (Item 3) a t  t h a t  t i m e  w a s  e n t i t l e d :  
Acquis i t ion of S k i l l e d  Performance as a Function of t a r g e t  Predict-  
a b i l i t y  and Sequence Length (similar t o  study 8 of the o r i g i n a l  
propos a1 . ) 
H o w e v e r ,  i n  the Semiannual Report (November 6, 1964)  w e  
i n d i c a t e d  t h a t  t h i s  s tudy would be conducted during t h e  second 
half  o r  the f i r s t  g r a n t  yea r ,  rather than during t h e  second g r a n t  
year  , 
Cer ta in  important design modifications w e r e  made i n  this 
study t o  provide add i t iona l  information. F i r s t  , t w o  r e t e n t i o n  
per iods w e r e  scheduled. 
end of t h e  sequence a t  each repetition-was included, 
whereas ou r  p r i o r  research had matched a l l  subjects by giv ing  them 
-- cqwzl p r a c t i c e  ( t i m e )  , h a l f  of t h e  subjects i n  t h i s  s tudy w e r e  
m-tched to an equal  r e p e t i t i o n s  (of the coherent sequence) cri- 
t e r i o n .  
Second, a procedural variable-cueing the 
Third,  I 
A sys temat ic  review of study I follows. 
Purpose 
The major purpose of  Study I w a s  t o  eva lua te  t h e  role of 
secgcnce length  on t h e  acqu i s i t i on  and r e t e n t i o n  of  s k i l l  when t h e  
+-ark involves coherent and p a r t i a l l y  coherent sequences. The 
impl ica t ions  of both sequence length and sequence coherency 
;or t a s k  p r e d i c t a b i l i t y )  for human performance s i t u a t i o n s  should 
L 2 apparent. Both va r i ab le s  represent  dimensions of t a s k  cornplexit:? 
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n o t  un l ike  those  found i n  a wide v a r i e t y  of human c o n t r o l l e r  tasks 
i n  man-machine systems. 
variables to s k i l l  l earn ing  r a t e ,  f i n a l  performance l e v e l s ,  and 
performance l e v e l s  after extended periods of  no p r a c t i c e  w i l l  pro- 
vide bas ic  information on t h e  p o t e n t i a l s  and l i m i t a t i o n s  of t h e  
human opera tor ,  S p e c i f i c a l l y ,  such i n f o m a t i o n  w i l l  aid i n  the 
d e s c r i p t i o n  of t h e  information processing c a p a c i t i e s  and l i m i t a t i o n s  
of the human operator, and his a b i l i t y  t o  r e t r i e v e  and use such 
information after extended periods of disuse.  
Knowledge of t h e  r e l a t i o n  of these 
Method 
Subjects: 
24 yea r s  of  age, c o n s t i t u t e d  the sample for  t h i s  study. 
w e r e  selected who w e r e  right-hand dominant. 
t h e i r  services . 
Apparatus: 
f i rs t  semiannual r epor t .  Basical ly ,  t h e  apparatus i s  a t rack ing  
rystem w i t h  c e r t a i n  l i m i t e d  analog scor ing  c a p a b i l i t i e s  b u i l t  i n .  
The major subsystems are: 
A t o t a l  of 120 m a l e  University s tuden t s ,  between 18  and 
Sub jec t s  
They w e r e  pa id  for  
The components of the  apparatus w e r e  described i n  the 
(A) the t a r g e t  programmer. This  c o n s i s t s  of a Digi t ronics  
model 3718 t ape  reader, w i t h  pre-punched paper t ape  
programs, a d i g i t a l  t o  analog conver te r  (computer con- 
t ro l )  and regula ted  power supp l i e s .  While the o r i g i n a l  
proposal called for add i t iona l  f l i p - f l o p  c i r c u i t s ,  
purchase of the d i g i t r o n i c s  reader negated t h i s  require-  
ment. Input  tapes  are punched on a university-owned 
Flexowriter.  The output of the programmer drives the 
target s i g n a l  on the subjects' CRT d i sp lays ,  
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(B) Displays. Two t ek t ronix  Model 561A oscilloscopes and 
plugs i n  u n i t s ,  one i n  each of two 6 '  X 8 '  subject 
booths,  c o n s t i t u t e  the d i sp lay  apparatus.  The t a r g e t  
which is  driven by t h e  programmer, appears as a 1/2" 
vertical h a i r  l i n e  along t h e  X - a x i s  of t h e  5" CRT. 
( C )  Controls,  Each subjec t  booth i s  equiped with a steel 
c h a i r  on which has been mounted a right-hand la teral  
arm pivoted a t  t h e  elbow. A potentiometer,  a t tached  
t o  t h e  lower end of the pivoted s h a f t ,  provides a 
l i n e a r  vol tage output  corresponding t o  t h e  pos i t i on  of 
the control .  This output i s  displayed as a cursor  b l i p ,  
i d e n t i c a l  to the t a r g e t  b l i p ,  b u t  loca ted  3/8" l o w e r  
on t h e  CRT. The cont ro l  is p o s i t i o n a l  and l i n e a r l y  
r e l a t e d  t o  the cursor  (cont ro l led  element) with a 
control-to-display ratio of 11.25O are t o  1". A 
Schaevitz HG-2 accelerometer is a t tached  t o  t h e  under- 
s i d e  of each con t ro l  a t  12"  from t h e  pivot .  
(D) G a t a  Scoring. The scoring u n i t  c o n s i s t s  of t w o  Phi l -  
* 
brick Model 6009 Manifolds with a t o t a l  of 10 opera- 
t i o n a l  ampl i f ie rs  and 10 s t a b i l i z e r s  and power suppl ies .  
T h i s  c a p a b i l i t y  allows us to  ob ta in  i n t e g r a t e d  absoZute 
error f o r  each subject. This i s  accomplished by 
obtaining the di f fe rence  between t h e  inpu t  ( t a r g e t )  and 
output  (cursor)  voltages,  without regard t o  s i g n ,  and 
i n t e g r a t i n g  t h i s  difference over  t h e  f ixed  i n t e r v a l  
which c o n s t i t u t e s  a t r i a l ,  Momentary error and 
momentary accumulated error m a y  be obtained and recorded 
when desired. 
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I n  addi t ion ,  by in t eg ra t ing  t h e  output  f r o m  t h e  arm 
con t ro l  accelerometers a rate score, or  an average rate 
score, may be obtained. 
(E) Data Storage and Read out.  D a t a  i s  stored on 1/2" 
magnetic tape recorded with a Minneapolis-Honeywell 
Model 8100 F-M tape system. With four  recording channels. 
output  f r o m  both Subjects' con t ro l s  can be recorded 
simultaneously with t h e  common inpu t  ( target)  record. 
I n  addi t ion  such indices  as momentary error or  momen- 
t a r y  acce le ra t ion  can be recorded on a t ime-sha r ing  
basis on t h e  remaining channel. 
In t eg ra t ed  error is read o u t  continuously for  each 
subject 01: a vol tmeter  and recorded a t  the end of each 
run o r  t r i a l .  I n  addi t ion,  data are read o u t  a s  desired 
on a Minneapolis-Honeywell Visicorder  (Model 906C) for  
v i s u a l  inspec t ion  and hand scor ing  of continuous 
response records. F ina l ly ,  data stored on magnetic 
tapes  can be read i n t o  analog or analog-to-digi ta l  
e l e c t r o n i c  computers fo r  a d d i t i o n a l  analyses  . 
(F) Automatic con t ro l s  . Durations of tr ials,  dura t ions  of 
i n t e r t r i a l  i n t e r v a l s ,  and dura t ions  of i n t e g r a t i o n  
i n t e r v a l s  are automatically con t ro l l ed  by Hunter 
I n t e r v a l  t i m e r s  . 
r . i s k s :  A l l  subjects received i r r e g u l a r  step-function target 
i n p u t s  at one s t e p  p e r  second. 
of lr3 e q u i d i s t a n t  pos i t i ons  w i t h i n  t h e  middle 4 "  of t h e  X-axis 
of t h e  CRT, Tria l s  w e r e  4 8  seconds i n  dura t ion  with an i n t e r -  
Targets cobld appear a t  any one 
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t r i a l  i n t e r v a l  of 15 seconds, the f i n a l  t w o  seconds of w h i c h  w e r e  
f i l l e d  with a warning buzzer. 
Experimental condi t ions : two l e v e l s  of t a sk  p r e d i c t a b i l i t y  , f ive  
sequence lengths  , t w o  t r a i n i n g  criteria, and t w o  r e t e n t i o n  i n t e r -  
vals w e r e  employed i n  this study i n  a complete f a c t o r i a l  design 
(2  x 2 x 2 x 5 ) .  
(A) t a s k  p r e d i c t a b i l i t y ,  One h a l f  of t h e  s u b j e c t s  received 
a completely pred ic tab le  t a s k  i n  t h a t  a f ixed  sequence 
of t a r g e t  pos i t i ons ,  N t a r g e t s  long, w a s  repeated wi th in  
and throughout a l l  t r i a l s .  Thus, for  example, numbering 
t h e  15 e q u i d i s t a n t  pos i t ions  on the X-axis of the  CRX, 
the target  sequence might appear as: 2, 1 2 ,  5 ,  11, 15,  
7 ,  4 ,  12 ;  2 ,  12,  5 ,  11, 15, etc. for  a sequence of e i g h t  
targets. The remaining one-half of t h e  subjects received 
a p a r t i a l l y  pred ic tab le  sequence of N targets wherein 
three- four ths  of the  t a r g e t s  repeated,  i n  order ,  wi th in  
and throughout a l l  trials, b u t  where every four th  t a r g e t  
w a s  s e l e c t e d  a n e w ,  and randomly, on each r e p e t i t i o n .  
Thus, t h e  sequence might appear as, 2, 1 2 ,  5 ,  (11) , 15, 
7 ,  4 ,  (12); 2 ,  1 2 ,  5 ,  (11, 15, 7 ,  4 ,  ( 8 ) ;  etc. with t h e  
non-repeating, and therefore ,  unpredictable  t a r g e t s  
shown i n  parentheses for a basic sequence of e i g h t  tar- 
ge ts .  The sequences w e r e  drawn without replacement ana 
without r e p e t i t i o n  of t a r g e t  pos i t i ons  for  sequences of 
less than 1 5  t a r g e t s .  
minimum number of r e p e t i t i o n s  w a s  allowed (e.g.  fo r  a 
sequence of 24 targets,  n ine  targets w e r e  repeated once 
For t h e  longer  sequences, only the 
I -  
, -  
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with in  t h e  sequence.) Random t a r g e t s  w e r e  dram from t'ie 
same population of t a r g e t  pos i t i ons  except  t h a t  randor. 
t a r g e t s  could not dupl ica te  t a r g e t  pos i t i ons  immediately 
preceding or  succeeding i n  t h e  sequence. Thus, i n  t h e  
above example Random t a r g e t s  would n o t  appear a t  posi- 
t i o n s  5 and 15, or 4 and 2. 
(B) sequence length.  One f i f t h  (6) of the subjects i n  each 
of the t w o  task conditions w a s  assigned t o  one of f ive  
sequence lengths:  8 ,  1 2 ,  1 6 ,  2 4 ,  o r  4 8  t a r g e t s  long. 
(C) t r a i n i n g  criteria, One-half of t h e  subjects i n  each of 
the t e n  t a s k  X sequence length condi t ions was assigned 
t o  an equal-pract ice  t r a i n i n g  c r i t e r i o n .  A l l  t hese  
subjects received one-hundred 4 8-second t r i a l s  distri- 
buted over  f ive successive d a i l y  sess ions  of 1/2 hour 
each. The remaining one-half of t h e  subjects receivo,d 
varying amounts of p rac t i ce  b u t  w e r e  equated on number --- 
of r e p e t i t i o n s  of t h e  bas i c  sequence. A l l  t he se  subjects, 
except  t h e  group with the longes t  sequence (pJ=48) , 
received 360 repetitions, which, for the sequences of 
8 targets requi red  6 0  t r ia ls ,  for the sequence of 1 2  
targets, 90 trials, etc. The subjects with t h e  48-long 
sequences w e r e  terminated af ter  180 r e p e t i t i o n s .  
(D) Retention i n t e r v a l s :  One-half the  subjects i n  each com- 
b ina t ion  of t h e  above conditions returned f o r  40 r e t e n t i o n  
t r i a l s  a f t e r  3 months of no practice. 
subjects are scheduled to r e t u r n  i n  May, 1965, after 5 
months of no p r a c t i c e  fo r  40 r e t e n t i o n  t r i a l s .  
The remaining 
?race dures 
Subjects w e r e  scheduled, two a t  a t i m e ,  for  i d e n t i c a l  experi-  
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mental condi t ions.  A l l  t e s t i n g  sess ions  w e r e  1/2 hour long with 
rqea ted  sess ions  on successive days u n t i l  the t r a i n i n g  l e v e l  wzs 
reached. Subjects  w e r e  given d e t a i l e d  i n s t r u c t i o n s ,  including 
i l l u s t r a t i o n s  from osc i l lographic  records of var ious sources  of 
t r ack ing  error (slow rate of movement, poor t iming, overshooting, 
e tc . ) .  They w e r e  t o l d  t h a t  d i f f e r e n t  subjects w e r e  rece iv ing  
d i f f e r e n t  sequences b u t  t h a t  t h e  f i r s t  target of each sequence 
was always located a t  t h e  c e n t e r  of t h e  scope. A l l  subjects w e r e  
given feedback after every second t r i a l  when t h e i r  erro- scores were 
reported via  an intercom system. A f t e r  Day 1, s u b j e c t s  w e r e  t o l d  
only t h a t  the t a s k  remained the same as on t h e  previous day, 
Performance Measures 
Absolute error, in t eg ra t ed  over t h e  48-second t r i a l ,  w a s  
recorded af ter  each t r i a l  and served as t h e  primary performance 
c r i t e r i o n ,  I n  addi t ion  3 t r ia l s  f o r  each subject, which w e r e  
recorded on magnetic tape,  are being scored for  a number of t e m -  
po ra l  and s p a t i a l  zesponse indices .  Present  p lans  inc lude  addi- 
t ima1 scor ing  of recorded t r ia ls  using t h e  analog and d i g i t a l  
com.puter facilities a t  McDonnell A i r c r a f t ,  S t ,  Louis,  Missouri ,  
R e s u l t s  
Xe are i n  t h e  process of analyzing t h e  data from t h e  t r a i n i n g  
phase of t h e  study. Since t h e  r e t en t ion  phase is  n o t  y e t  completed 
we w i l l  p r e sen t  only t h e  f i r s t  analyses for  error scores on t h e  
t r ; l ining data i n  t h i s  repor t .  
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Equal prac t i ce :  D a t a  w e r e  analyzed sepa ra t e ly  for t h e  equal 
practice and equal repetitions conditions.  Overall analyses of 
var iance w e r e  performed and w i l l  be followed by a number of 
secondary analyses,  including mean separa t ion  tests of d i f fe rences  
a t  the end of t r a in ing .  
Figure 1 summarized t h e  r e s u l t s  for t h e  p red ic t ab le  t a s k s  
( o n l y )  under condi t ions of an equal practice c r i t e r i o n .  It  w i l l  
be ~ e e n  t h a t ,  with equal  p rac t i ce ,  l ength  of t h e  sequence has an 
appreciable e f f e c t  on t racking  performance, H o w e v e r ,  t h i s  effect 
does n o t  appear t o  be l i n e a r ;  r a t h e r ,  as shown i n  Figure 3, ft 
appears tha t  error is an accelerated funct ion of number of t a r g e t s  
i n  t h e  sequence. 
Figure 2 presents  the results for the equal p r a c t i c e  condi t ion 
with t h e  intermediately pred ic tab le  tasks .  I t  may be noted, first,  
t h a t  t h e  overall performance is considerably poorer on t h i s  than 
09 the completely p red ic t ab le  t a s k .  B e s t  performance on t h e  i n t e r -  
mefiiately pred ic tab le  t a s k  i s  i n  excess of five v o l t s  error, where- 
a s  t h r e e  of the f i v e  predictable- task groups reach a l o w  of about 
F9ur v o l t s  error. Thus, e s t i m a t i n g  t h e  t o t a l  ga in  f r o m  an i n i t i a l  
crror of 9.5 v o l t s ,  t h e  pred ic tab le  t a s k s  r e s u l t e d  i n  nearby 20% 
r:re?t-,er reduct ion in error than the in te rmedia te  tasks .  
The r e l a t i o n  of sequence length t o  i n t e g r a t e d  error under t h e  
intermediate  task  condi t ions is shown i n  Figure 3. When compared 
w i t h  t h e  f ixed  t a sk  condi t ions,  i t  appears t h a t  t h e  in t roduct ion  
of random elements has a p a r t i c u l a r l y  adverse e f f e c t  on t h e  s h o r t e s t  
( N = C )  sequence. 
a p p x e n t .  I t  also appears that t h e  remainder of  t he  funct ion fo r  
'Why t h i s  should be t h e  case is  n o t  immediately 
. .  
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Tab le  1 
Summary of 
Analysis of Variance for a l l  Equal 
P r a c t i c e  Conditions 
df 
Yredictahili t y  1 
-Source 
Sequences 4 
Pred, X Seq, 4 
S u b j  W/I 50 
Blocks (20 t r i a l )  4 
i3locks X Pred. 4 
Blocks  X S e q ,  16 
Blocks  X Pred, X Seq, 16 
200 Blocks  X S u b j  
T o t a l  299 
-
ss _. 
138,3803 
374.0684 
38.9089 
304.2289 
184.0959 
1 5  . 7751 
11,2743 
16.6987 
62 .8965 
1146 , 3271 
M S  
138 .3803 
-
93 ,5171  
9 -7272 
6 .0846 
46,0240 
3,9438 
,7046 
1 .0437  
, 3145 
F 
22.74** 
15.37** 
NS 
- 
1 - 6 0  
146.34"" 
12 , 54* *  
2.24** 
3.32** 
1 7  
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the intermediately pred ic t ab le  t a s k s  i s  more near ly  l i n e a r  than 
t l . 7 ”  for  t h e  f ixed  t a sk .  
The ana lys i s  of var iance f o r  a l l  equal  p r a c t i c e  condi t ions 
is summarized i n  Tab le  1. H e r e  the d i f f e rences  between condi t ions 
of sequence length and between fixed and. intermediate  t a s k  condi- 
t i o n s  are s t a t i s t i c a l l y  confirmed. 
s i g n i f i c a n t .  However, t h e  in t e r - ac t ion  between these e f f e c t s  
( P r e d i c t a b i l i t y  X sequence length) f a i l s  t o  reach s ign i f i cance  
Practice e f f e c t s  are highly s i g n i f i c a n t  as i nd ica t ed  by t h e  F for 
Blocks of 20 t r i a l s .  I n  addition, the i n t e r a c t i o n s  between 
p r a c t i c e  blocks and p r e d i c t a b i l i t y ,  p r a c t i c e  blocks and sequence 
l eng th ,  and t h e  three-way i n t e r a c t i o n  among these v a r i a b l e s  are 
a l l  s i g n i f i c a n t .  These r e s u l t s  support  t he  evidence i n  f i g u r e s  
1 and 2 t h a t  both sequence length and task p r e d i c t a b i l i t y  a f f e c t  
the shapes of t h e  performance curves, i.e., t h e  rate of change of 
performance a t  d i f f e r e n t  po in t s  i n  t r a i n i n g .  
Both main e f f e c t s  are highly 
Equal r e p e t i t i o n s :  D a t a  for those  condi t ions i n  which sub- 
j e c t s  w e r e  equated on an equal-repetition-of-sequences c r i t e r i o n  
we‘xe analyzed separa te ly .  The r e s u l t s  are shown i n  f i g u r e s  4 and 5 
C o r  t h e  p red ic t ab le  and intermediate  t a s k  condi t ions ,  respec t ive ly .  
it w i l l  be noted, i n  Figure 4 ,  t h a t  t h e  o v e r a l l  shape and s lopes  
of -.--:? curves f o r  the var ious sequence lengths  are highly s i m i l a r .  
F’ui-t.l.lermore, t h e  absolute  level of performance i s  highly s i m i l a r  
t.2 t3e f i f t h  block of 36 r e p e t i t i o n s .  
The d a t a  for the  intermediate  groups (Figure 5) show m o r e  
va r i ab le  performance, b u t  no evidence that  length of sequence is 
p..reclictive of  t racking  performance when equal  r e p e t i t i o n s  is  used zs 
tZle c r i t e r i o n .  
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T a b l e  2 summarizes the analyses of var iance f o r  a l l  gro\;i;s 
af ter  180 r e p e t i t i o n s  (2-A) and for a l l  groups,  except with N=48, 
af ter  360 r e p e t i t i o n s  (2-B) . The r e s u l t s  provide statist ical  
confirmation of t h e  d i f fe rence  between f ixed  and intermediate  
t a s k  condi t ions (Fs for p r e d i c t a b i l i t y ;  E <,01) and of the apparent 
lack  of d i f f e rences  among sequence lengths .  I n  addi t ion ,  t h e  
i n t e r a c t i o n s  with p r a c t i c e  ( B l o c k s  of r e p e t i t i o n s )  are again 
s i g n i f i c a n t  i nd ica t ing  t h a t ,  while sequence length  is n o t  a s i g n i f -  
i c a n t  main e f f e c t - t h a t  i s ,  it does n o t  affect  t h e  o v e r a l l  mean 
l e v e l  of performance--it does i n t e r a c t  with p r a c t i c e  blocks t o  
a f f e c t  t h e  overall shapes of t h e  curves. The na ture  of these  
i n t e r a c t i o n  e f f e c t s  is apparent f r o m  Figure 4 i n  t h a t  e a r l y  blocks 
of r e p e t i t i o n s  d i f f e r e n t i a l l y  favor t h e  s h o r t e r  sequence-length 
t a s k s  more than do later blocks of r e p e t i t i o n s .  
The group with a sequence 1 6  targets long, under condi t ions 
of intermediate  p r e d i c t a b i l i t y  and equal  r e p e t i t i o n s  , appeared t o  
be an abberant group, as is  evident f r o m  Figure 5 ,  This i n t e r -  
p r e t a t i o n  w a s  supported when an addi t iona l  group of s i x  subjects 
was run to 180 r e p e t i t i o n s  under i d e n t i c a l  t a s k  condi t ions.  D a t a  
for t h i s  group are shown i n  Figure 6 ,  t oge the r  with funct ions 
r e l z t i n g  number of targets i n  t h e  sequence t o  error scores af ter  
i € ? O  r e p e t i t i o n s .  A second group, run on t h e  f ixed  sequence of 
16  t a r g e t s ,  w a s  run as a con t ro l  group. The r e s u l t s  i nd ica t ed  
that the new 16-intermediate g roup  corresponded almost p e r f e c t l y  
i n  error scores wi th  t h e  o r i g i n a l  16-intermediate equal practice 
groxp and t h e  con t ro l  group corresponded almost exac t ly  to t h e  
o r i g i n a l  group with t h e  same t a s k  condi t ions.  Thus, i t  w a s  con- 
Table 2 (A) 
Summary of Analysis of variance for  a l l  Equal Repetitim 
Conditions (180 repeti t ions) 
PIS - ss _. df Source 7 
P r e d i c t a b i l i t y  1 398.2003 395.2003 
Sequences 4 73.4989 18 . 3747 
Pred. X Seq. 4 53,9139 13.4785 
Subj. W/m 50 443.1376 8.8628 
Blocks (36 R e p s )  4 176 -0466 44,0116 
Blocks X Pred. 4 50.9249 12 . 7312 
Blocks X Seq. 16 9.9941 -6246 
Blocks X Pred. X Seq. 16 13.1224 -8206 
Blocks X S u b j .  - 200 56,5178 -2826 
Total 299 1275 . 3565 
T a b l e  2 (B) 
F 
44.93** 
NS 
2-07 
1.52 
- 
155.74** 
45.05** 
2.21** 
2.90** 
Summary of Analysis of variance for a l l  (except N=48 
Condition) Equal r e p e t i t i o n  condi t ions (360 r e p e t i t i o n s )  
Source 
P r e d i c t a b i l i t y  
Sequences 
Pred. X Seq. 
Subj. W/m 
Bicd:S  (36 Reps.) 
Blocks X Pred. 
f l o c k s  X Seq. 
Elocks X Pred. X Seq. 
. 
I f3locks X Subj. 
Total 
.. 
df 
1 
3 
3 
40 
9 
9 
27 
27 
36 0 
379 
-
-
ss 
1042 -2655 
103.4117 
40 . 9722 
607 , 8732 
318.0082 
50.5242 
25.7010 
19 . 1626 
133,7750 
2341.6936 
- MS -
1042.2655 
34.4706 
13.6574 
15.1968 
35 . 3342 
5,6138 
-9519 
-7097 
-3716 
F 
68.58** 
NS 
2.27 
NS . 90 
95.09** 
1 5  . 11** 
2 . 5 6 * *  
1.91** 
I . ' + .  . 
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eluded t h a t  t h e  o r i g i n a l  group with t h e  16-target  va r i ab le  
sequence under equal r e p e t i t i o n s  p r a c t i c e  w a s  an a t y p i c a l  group 
and that  t h e  second group's da t a  is  probably more i n d i c a t i v e  of 
performance under these  t a s k  conditions . 
Discussion 
Xhile any summary of t h e  s t u d y  as a whole i s  premature, cer- 
t a i n  s i g n i f i c a n t  f ind ings  f r o m  the t r a i n i n g  phase m e r i t  comment. 
F i r s t ,  w i t h  t h e  completely p red ic t ab le  task, and equal  p r a c t i c e  
t i m e ,  t h e  funct ion r e l a t i n g  sequence length t o  error scores appear 
t o  be a p o s i t i v e l y  acce lera ted  curve. H o w e v e r ,  when subjects are 
t r a i n e d  to t h e  same number of r e p e t i t i o n s  of t h e  sequence, reqard- 
less of sequence length ,  then it appears t h a t  equal  r e p e t i t i o n s  
gives e s s e n t i a l l y  equal criterion performance, a t  least wi th in  
the sequence lengths  and s p e c i f i c  task  condi t ions used i n  t h i s  
study. I n  o t h e r  words, it appears t h a t  a t a sk  involving a f ixed  
sequence of d i s c r e t e  i n p u t  events  (with continuous adjustment of 
rpsponse output) which is six times as lang as a second t a sk  may 
be expected t o  take  about s ix  t i m e s  as much p r a c t i c e  t i m e  as t h e  
s h o r t e r  t a s k ,  b u t  approximately the same number of r e p e t i t i o n s  25 
t h e  s h o r t e r  t a s k  requires .  
:lit\ equal  r e p e t i t i o n s  and predic tab le  sequences t h e r e  i s  a 
shirrp inc rease  i n  error between sequences of 1 2  and 1 6  t a r g e t s .  
rn -h; 5 is also not iceable ,  though somewhat less so, with the  equal  
p r a c t i c e  condi t iocs .  This f inding replicates t h a t  o f  an earlier 
study i n  our  labora tory  using sequence of 5, 1 0 ,  and 15  targets. 
I n  t h a t  s tudy ,  t h e  sharp  inc rease  occurred between sequences of 
10 and 15 targets. Thus it appears t h a t  t h e  na tu re  of t h e  informa- 
. - 
i4 
t i o n  processing aspects of t h e  task may change i n  t h e  region of 
13 or 14 t a r g e t  sequences and t h a t  ' 'short" and "long" sequence 
tasks may be dichotomized at about these values.  I f  t h i s  proves 
to be t h e  case, it may have a number of impl ica t ions  for the 
t r a i n i n g  and maintenance of s k i l l  on tasks involving sequences of 
discrete i n p u t  events.  
t h e  funct ion r e l a t i n g  sequence length t o  error is more complex w i t h  
On t h e  intermediately predictable tasks , 
first decreasing then increasing error w i t h  increased sequence 
length.  The sharp increase  occurs between 1 6  and 2 4  t a r g e t s ,  
rather than between 12 and 16 targets, However, i f  one considers  
only t h e  predictable elements of t h e  sequence, t h e  16  target 
sequence contains  only 12 fixed targets. Thus, the data f r o m  
the t w o  t a s k s  can be seen as ind ica t ing  t h e  same dichotomy 
between short and long sequences, namely, a break occurr ing some- 
_I_ 
where between 12 and 1 6  predic tab le  target events.  
i n t e r p r e t a t i o n  and discussion w i l l  no doubt follow f r o m  add i t iona l  
Further 
analyses of the acqu i s i t i on  data and f r o m  the r e s u l t s  of t h e  
r e t e n t i o n  data. 
. 
. 
